Abstract: "Let them eat cake": a retrospective service evaluation of Focus on Undernutrition in care homes. Introduction: Undernutrition is a major cause and consequence of poor health in older people, affecting 35% of residents in care homes. Focus on Undernutrition (FoU), a dietetic service delivered by dietetic assistants uses a multifaceted approach to undernutrition management. This study aims to evaluate FoU's impact on undernutrition outcome measures in care homes; including FoU's influence on weight change in residents "at risk" of undernutrition, and prevalence of undernutrition and pressure ulcers (PU). Methods: A retrospective pragmatic service evaluation was undertaken using pseudonymised data collected over 13 years on weight, undernutrition risk and PU from long-stay residents' notes before and six months after training (FoU). Results: Analysis completed on 104 homes, 4,315 residents (71.3% female; mean stay 10.8 (1-278) months) in County Durham. Following FoU a significant difference was identified for: improved rate of weight change for "at risk" residents (p < 0.001). Undernutrition risk significantly influenced weight change (low: B
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Abbreviations and Glossary


Nutritional screening
Nutritional screening is a rapid simple way of identifying individuals at risk of undernutrition NST Nutritional screening tool "MUST" "Malnutrition Universal Screening Tool". The UK's preferred NST
Undernutrition risk
The category identified for a resident's risk of undernutrition, this is either low, moderate or high "At risk"
Term used to refer to residents who are identified as either moderate or high risk of undernutrition FoU Focus on undernutrition PU Pressure ulcer FB Food based interventions. The use of nourishing snacks and drinks, fortified meal dishes and homemade fortified drinks used to increase a resident's energy and nutritional intake
Introduction
Undernutrition is a silent epidemic [1] , identified as a significant public health problem [2] and health inequality concern [3] [4] [5] . In the UK undernutrition affects 3 million adults [6] , 1.3 million older people [6] and 35% of residents in care homes [7] . It is a major
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cause and consequence of poor health in older people [8] [9] [10] , detrimentally affecting the functions of all bodily organs with serious consequences [2, 3] , causing increased morbidity [11] [12] [13] [14] , reduced quality of life [13] [14] [15] [16] [17] and increased mortality [11] [12] [13] 18] .
Annual costs associated with undernutrition in England are £19.6 billion [2] . The cost of caring for an undernourished individual is 2-4 times that of a well-nourished individual [19, 20] due to the strain on health and social care resources [2, 3] . Most people do not realize how common undernutrition is or the seriousness of its consequences [9] , so it continues to be under-recognised and under-treated [3, 7-9, 19, 21, 22] , to the detriment and cost of individuals and the health economy [3] .
Undernutrition is largely preventable and treatable [23] [24] [25] through pro-active screening and early intervention, which can reduce complications by 70% and mortality by 40% [13] , thereby reducing or abolishing many of its detrimental clinical and functional consequences [2] . NICE [26] identified that pro-active management of undernutrition has the third highest potential to deliver cost savings from all NICE guidelines [8, 26] . Prevention is key to achieving this [24, 27] through integrating screening and treatment into routine practices [27] [28] [29] .
Over recent years over 20 standards, guidelines, toolkits and campaigns on undernutrition have been launched to raise the awareness in frontline staff, service providers and policy makers [30] . These all recommend similar best practice principles as outlined in Table 1 . Table 1 Overview of the best practice principles for the management of undernutrition from national guidance.
Summary of best practice principles
Establishing quality standards linked to commissioning incentives Staff training on the identification and treatment of undernutrition Working within and across care settings Identifying undernutrition using "MUST" ("Malnutrition Universal Screening Tool") Developing personalised care plans Implementing care pathways and treatments based on using food with the appropriate use of prescribed oral nutritional supplements (ONS) Monitoring and evaluating both residents and nutritional care processesUndernutrition is under-detected and under-treated [3, 7, 8] ; one in six care homes fail to meet minimum nutritional standards [32] ; with the quality of undernutrition care being insufficient in care homes [27] . Reliable and sustainable improvements in the provision of nutritional care are needed to help reduce avoidable harm and improve patient outcomes and experience [30] .
In 2000 prior to these national initiatives (Table 1) , a pilot called "Focus on Food" (later renamed Focus on Undernutrition (FoU)) was implemented into care homes in North East England to determine the most effective way to facilitate the implementation of nutritional screening and guidelines into care homes [50] . The pilot was one of the first in England to implement practices in care homes which have now become accepted practice across the UK [9, 36-39, 51, 52] , these included the implementation of:
 "Malnutrition Universal Screening Tool" "MUST" [53] to identify residents at risk of undernutrition. FoU simplified and adapted the "MUST" layout; which is endorsed by BAPEN; incorporating a results table, core care plan, weight and ulna height conversion charts and a dietary assessment [54] .  Standardised care pathways for the treatment of undernutrition, which promoted food based interventions (FB) as treatment rather than oral nutritional supplements (ONS) [55] .  Standardised care pathways for appropriate ONS prescribing, prior to a dietetic referral [56] .  Dietitian role as an educator facilitator, delivering proactive training to empower care home staff to identify and treat undernutrition.  Quality standards (Appendix 1) for undernutrition which were incorporated into the Local Authority Commission incentives linked to funding.
The results of the pilot identified open learning workbooks, supported by workshops, as the most effective method of implementing "MUST", with nutritional care declining significantly in homes which received no facilitation [50] . This pilot established the ethos for the current FoU delivery model.
In 2003 following the pilot, FoU was established as a permanent part of the dietetic service in County Durham and Darlington. FoU provides free training to care homes on the identification and treatment of undernutrition. Following training, homes implement FoU's adapted "MUST" [54] ; identified by independent research to be more effective than original "MUST" [57] and care pathways [55, 56] which fulfill national guidance [9, [36] [37] [38] promoting FB interventions alongside the appropriate prescribing of ONS. Further information on FoU can be found online [58] .
Despite FoU being nationally acknowledged as an exemplary service model [8, 37, 59, 60] no formal evidence exists of FoU's impact on undernutrition in care homes regardless of collecting evaluation data, due to problems with FoU's database since 2008.
The aim of this project was to evaluate the FoU service to determine the impact on undernutrition outcome measures in care homes.
The objectives were to determine if FoU influences the:
 weight of residents at risk of undernutrition  prevalence of undernutrition  prevalence of pressure ulcers.
Methodology
A retrospective service evaluation of 104 care homes in County Durham and Darlington which received FoU between 2003 and December 2015. Data were collected and inputted into FoU's database for 4,416 residents, of which 4,315 are included in the service evaluation. Inclusion and exclusion criteria are outlined in Table 2 .
County Durham and Darlington NHS Foundation Trust (CDDFT) advised no formal submission or ethical approval was required due to the project being 
Data analysis
The completed resident data collection form contained information on some key parameters (such as weight, nutritional screening, pressure ulcers) at baseline and/or evaluation.
The completed resident data collection form did not contain information on any key parameters (such as weight, nutritional screening, pressure ulcers) at baseline and/or evaluation. a retrospective service evaluation. Written consent was provided by the home managers on behalf of the homes to collect established data from resident records for the purpose of service evaluation. An information leaflet and copy of consent were given to the manager.
Data Collection
The stages of FoU delivery are outlined in Appendix 2, these are implemented in accordance with standard operating procedures. A competency trained dietetic assistant collected pseudonymised data from all long-stay resident records before and six months after training, using standardised data collection sheets (Appendix 3). No data were collected which was not part of routine records. Table 3 outlines the data analyzed in this service evaluation, all other data collected (Appendix 3) are out of scope. Fig. 1 outlines the stages of data preparation and analysis; significant challenges were experienced with merging databases and data cleansing. The final dataset for analysis was created by combining two source datasets; a "legacy dataset" which held data from 2003 to 2008 and the "current dataset" which held data from 2009 onwards. Prior to merging, the datasets were cleansed and verified. Data syntax was normalized between the datasets for each field and then the datasets were de-duped and merged. The resulting dataset was prepared which employed syntax that the Statistical Package for Social Sciences, version 22 delay between data collection and inputting. Data collection, storage and analysis fulfilled CDDFT's information risk management policy.
Data Analysis
Statistical advice was sought from Newcastle University. Weight was calculated as rate of weight change, represented as kilogram per month, due to the confounding impact of duration. The majority of data were analyzed as independent samples, because paired data were only available for 49% of residents. Fig. 1 values are based on two-sided tests and compared to a significance level of 5% (p < 0.05). Significant refers to statistical significance, as identified by the correct statistical analysis reporting a result of p < 0.05. 
Results
Study Population
Retrospective
Focus on Undernutrition in Care Homes: A Retrospective Service Evaluation
149 available for 85.6% of homes and 49.4% of residents at both baseline and evaluation; 101 (2.3%) residents were excluded because of poor quality data. Care home demographics are presented in Table 4 , 38.5% were dual registered, 5.8% of homes subsequently closed. Table 5 shows residents were predominately (1,335). Unknown data was excluded from the analysis, all percentages are representative of known data.
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female (71.3%), 92% aged between 70-100 years; residential being the most frequent care type (55.3%). Although "< 1 year" category was the most frequent duration (38.1%), mean stay was 28 months.
Weight Change
Following FoU the overall average rate of weight change increased (B: 0.007 kg/month, E: 0.002 kg/month), but this was not significant (Table 6 ). Neither dementia, care type ( Following FoU a significant improvement in weight change was shown for "at risk" residents (Table 6 , Fig. 4 ). A significant difference was identified between undernutrition risk at baseline (p < 0.001), evaluation (p = 0.009) and overall (p < 0.001), which was significant both within residents (p < 0.001) and between groups (p < 0.001) ( Table 6 ). The greatest weight change was reflected in high risk residents (absolute change: 0.29 kg/month).
To compare findings alongside literature, actual and percentage weight change were analysed. Undernutrition risk was significantly associated with actual weight change (Table 7) , similar to the findings on rate of weight change (Fig. 4, Table 6 ).
A reversal in percentage weight change was identified in "at risk" residents, most noticeable in high risk improving from -4.4% to +2.4%. There was a significant difference between baseline and evaluation, and according to risk group (Table 8) .
Weight loss of > 10% over 6 months is a determinant for undernutrition [23] . Undernutrition risk was significantly associated (p < 0.001) with percentage weight change; 66.9% of high risk residents lost weight compared to 42.3% of low risk, with the greatest weight improvements seen in high risk residents (Table 9) .
Further analysis of "at risk" residents according to treatment identified all treatment options reversed from weight loss to weight gain after FoU, with the greatest improvements seen in residents prescribed ONS, but no significant difference (p = 0.399) was found between treatments (Table 6, Fig. 5 ). Only 28.3% (208/735) and 31.1% (127/409) of "at risk" residents were prescribed ONS at baseline and evaluation respectively. Of residents prescribed ONS, 32.2% (101/314) were prescribed them both at baseline and evaluation.
Undernutrition Prevalence
Overall there was a significant reduction (11.0%) in the undernutrition prevalence following FoU (Fig. 6 , Table 10 ).
Undernutrition was significantly more prominent in female residents (p < 0.001), which may be associated with greater age (Table 5 ); a significant difference was shown in undernutrition prevalence according to age category (B: p = 0.005, E: p = 0.001). A significant difference was found in undernutrition prevalence according to care category (p < 0.001), highest prevalence being identified in nursing (40.6%), but all categories demonstrated a reduction in undernutrition following FoU (Table 10 ). Although residents with dementia had an increased prevalence of undernutrition, this was only significant at evaluation (p = 0.001) despite prevalence declining in both groups (Table 10 ). Duration only significantly influenced prevalence at baseline (B:
Further analysis of "at risk" residents according to treatment identified the greatest improvements in the "no treatment" group (45.7%). Overall 14.2% (45/316) of "at risk" residents experienced a decline, 42.4% (134/316) improvement and 43.4% (137/316) no change in undernutrition risk (Fig. 7) .
A significant improvement (p < 0.001) in undertaking nutritional screening was identified following FoU, increasing from 76.3% to 98.7% (Fig.  8) . However, there is only fair agreement [62] (k = 0.33) between the care home and FoU for identifying 4 : Split plot ANOVA identified significant difference between "within residents" and "between risk groups". 5 : Unpaired t-test. Normality (Kolmogorov-Smirnov) and homogeneity of the variance (Leven's) test completed. 6 : Kruskall-Wallis test used for baseline because homogeneity of the variance was significant (Leven's p = 0.020). 4 : Split plot ANOVA identified significant difference both between "within residents" and "between risk groups". undernutrition risk. There was 60% agreement overall, with the least agreement at moderate risk (29.2%) and best at low risk (68.8%) (Table 11 ). Comparing agreement was only completed at baseline.
Pressure Ulcers
Following FoU pressure ulcers (PU) overall significantly reduced 51% (p < 0.001) (Table 12 ). At baseline there was a significant difference in PU prevalence which increased with severity of undernutrition (p < 0.001), but following FoU no difference was found between risk groups (p = 0.233) (Fig. 9) .
Undernutrition risk appears to have an impact on PU; the odds overall of developing a PU following FoU was 53% less, with the true population effect between 64% and 38%. The greatest reduction (78%) was in moderate risk residents. The odds identified a significant reduction in PU in all risk groups (Table 13) . 4 : Split plot ANOVA identified significant difference both between "within residents" and "between risk groups". B: Baseline (Period between the date of admission and date of baseline data collection). E: Evaluation (Period between baseline and evaluation data collections). ONS: Oral Nutritional Supplements, a prescribed nutritional drink used to treat undernutrition. Although following FoU there was a reduction in PU for all care categories, a significant difference (p < 0.001) in prevalence was seen in nursing compared to other catergories. There was no difference in prevalence in residents with dementia (p = 0.762, p = 0.793) (Table 12 ).
Further analysis on PU prevalence in "at risk residents" according to treatment identified those receiving ONS with dietetic care had the greatest reduction, but sample size was limited and no significance was found between treatments (p = 0.105, p = 0.580) (Fig. 10) . 
Discussion
This service evaluation has shown FoU delivered by dietetic assistants positively impacts undernutrition outcome measures in care homes, through achieving significant improvements in weight, undernutrition and PU outcome measures that are comparable to published research. FoU was one of the first dietetic services to promote food based interventions (FB) [55] , defined as "no treatment" in the results. No systematic review [63] [64] [65] [66] has made specific conclusions regarding nutritional interventions for undernutrition in care homes [51] , due to inconsistent and limited strong quality evidence for the impact of FB on outcomes [67] . However, analysis of the three "at risk" treatments clearly indicates FoU alone ("no treatment") has a positive impact on all outcomes, although no significant difference was identified between treatments for any objective (Figs. 5, 7, 10 ).
Weight Change
The rate of weight change significantly improved in "at risk" residents following FoU, with significant differences identified between undernutrition risk and rate of weight change at baseline and evaluation (Table 6 , Fig. 4 ). This is in keeping with findings from the nutritional screening week (NSW) survey [7] , where undernutrition risk was significantly related to weight change, accounting for 9.3% variability in weight.
In keeping with other FB studies [51, 68] , FoU led to a significant weight improvement in "at risk" residents, with the greatest impact seen in high risk gaining 1.0 kg (Table 7) , the same weight achievement as FoU's pilot open learning homes [50] , but greater than other studies [17, 69] . In moderate risk, weight continued to decline but at a significantly lesser rate (Fig. 4, Tables 6 and 7 ). These findings suggest scaling up FB research to a regional service can achieve comparable weight outcomes. However, further analysis using data out of scope is recommended to determine if care plan implementation is an influencing factor on weight change according to undernutrition risk.
Although rate of weight change improved overall; age, gender, care category, dementia and treatment type had no significant influence (Table 7) . This is in keeping with NSW [7] , although Tamura [70] found gender and age to significantly influence weight. Causes of weight loss are multifunctional [1] , with dysphagia, leaving > 25% meals, eating dependency and dining environment being significant modifiable factors associated with weight loss [70] [71] [72] . Building on this finding, FoU already incorporates these factors into the dietary assessment part of "MUST" [54] to assist staff to develop appropriate nutrition care plans. Prior to FoU 49.3% residents lost weight, with 14.6% losing > 10%; both proportions increased with undernutrition risk (Table 9) , which is comparable to a London-based audit [73] , where 51% lost weight, 14% lost > 10%. In high risk residents there was a substantial 73.4% reduction in residents losing > 10% weight and 176% improvement in residents gaining > 10% weight (Table 9) . A weight loss of 4-5% during one year significantly increases mortality [74, 75] . The amount of high risk residents losing > 5% weight declined by 60.3% (Table 9 ), further analysis using data out of scope is recommended to determine if weight influenced mortality.
Undernutrition Prevalence
Prevalence of undernutrition significantly reduced by 11%, to 29.1% (Table 10 ); 60% of "at risk" were high risk, reducing to 54.7%. Although overall reduction is similar to the pilot [50] (13.6%), overall prevalence was lower (44%-38%) as anticipated, because in the pilot's baseline no resident was screened for undernutrition; a finding which is unlikely to be identified today because undernutrition awareness and screening has improved following national initiatives (Table 1 ). In keeping with other studies undernutrition was significantly impacted by age [4, 7, 76, 77] , female gender [7, [77] [78] [79] , care type [7, 77, 80] , although duration was only significant at baseline which is in contrast to published work where duration had no impact [6, 76, 81] .
At baseline local prevalence (32.7%) was lower or comparable to other UK studies using "MUST" [7, 51, 73, 76, [80] [81] [82] [83] [84] [85] (31.9%-41.6%). FoU's lower prevalence is encouraging, because the North has 73% higher risk of undernutrition [4] , in addition the North-East is a deprived region [86] and undernutrition is associated with deprivation [25] , although Parsons [84] identified that deprivation did not impact undernutrition in care homes, but transferability is questionable being limited to one geographical region.
Comparing FoU's impact (Table 10 , Fig. 6 ) on undernutrition is limited because other UK studies using "MUST" [17, 51, 85, 87] did not report on prevalence change; and foreign studies [61, 68, 69, [88] [89] [90] [91] used alternative outcomes or non-comparable nutritional screening tools (NST). Similar studies [83, 92] implementing education and care pathways identified both a reduction [92] and no impact [83] in prevalence.
FoU uses "MUST" [53] ; recommended by many UK organizations [7] , simple, acceptable and quick to use [93] , with very good inter-observer reliability and fair validity in care homes [53, 94, 95] , used by 96% care homes [7] . FoU was the first UK service to systematically implement "MUST" into care homes, through adapting the layout for simplicity [54, 96] , which independent research has identified to be simpler, quicker, more accurate and preferred to original "MUST" [57] .
"MUST" completion significantly improved (76.3%-98.7%), reflective of other studies following training [51, 85, 92] . Accuracy not completion should be key to audits [96, 97] . Inter-observer agreement of undernutrition risk identified by the care home's NST and FoU "MUST" was fair (K:0.33), with 60% overall agreement. Historically, homes used varied NST, but original "MUST" has become the prominent NST, reflective of the cultural change nationally [7] . Unfortunately no comparison for accuracy is available at evaluation, although accuracy is incorporated into FoU's reaccreditation (Appendix 1).
Training is key to implementing "MUST" [28, 96, 97] , supported by interventions identified by staff to help overcome barriers [28, 98] . Since conception FoU has embedded these principles through adapting "MUST" [54] , developing practical resources [99] and training to empower and skill staff [58, 100] .
Pressure Ulcers
Overall PU development significantly declined 51%, with prevalence significantly increasing with severity of undernutrition risk, but following FoU there was no difference between risks. PU development is multifactorial [101] , but significantly associated with undernutrition [14, 102] . Accounting for 33% costs associated with PU103, nutritional intervention is one of the most cost effective strategies for PU [104] . Undernutrition is a reversible PU risk factor [102] , so early identification and treatment is essential [102, 104] . Through screening and interventions FoU was associated with a 68% reduction of PU in "at risk" residents ( Fig. 9) . Although there is a lack of strong evidence between undernutrition and PU [105, 106] , these findings are comparable with predicted reductions when treated with ONS [105, 107] .
Increased odds of PU are identified with increased severity of undernutrition [14, 108] , or > 5% weight loss [102] . FoU interventions reduced the odds of developing PU, with greatest odds seen in moderate risk, indicating a 78% PU reduction (Table 13 ). This is in keeping with other studies where improved nutrition knowledge [108] , undernutrition screening [108] , ONS treatment [105] have reduced PU odds.
Strengths and Limitations
This is the first large scale service evaluation on undernutrition for care homes in England. However, as a retrospective service evaluation the limitations were the constraints on data collection to evaluate outcomes compared to research, such as usage of health resources. While FoU demonstrated the potential to reduce possible harms, such as PU, it was out of scope to evaluate the impact on other potential harms such as infections or falls, which reduce with improved nutritional status [13] . Although formal cost analysis is beyond the scope of this evaluation, these findings suggest a dietetic service delivered by dietetic assistants has the potential to be effective in achieving comparable outcomes when evaluated alongside other treatment options. Data collection was dependant on the data quality in resident records, and once data collection was established scope to incorporate new measures such as antibiotic usage, falls was limited. Changes in rate of weight change were small, which may be due to fluid; but FoU's true impact could be misrepresented using rate, because the magnitude of weight increase declines over time, as identified by Lorefalt [61] . Considering this, weight was also analyzed as actual and percentage weight change to compare alongside literature. Finally historical database issues meant missing data could not be sought.
Nevertheless, the strengths of being a large scale pragmatic service evaluation undertaken over 13 years and incorporating an uncontrolled generic care home population, suggest these findings are reflective of everyday practices.
Recommendations
As identified further analysis is required using out of scope data, in addition to previous recommendations comparing weight data alongside NSW [7] findings, further analysis of "at risk" treatments, training outcomes, and cost effectiveness of FoU are recommended.
Elia [29] advocated "it is imperative national policy ensures undernutrition detection and treatment are embedded in routine care", through training, integrated accurate systems of recording and auditing undernutrition management [7-10, 16, 29, 31, 35, 40, 73, 101] . Although FoU delivers on these requirements, it is paramount FoU continues to evidence itself continually in terms of quality improvement. FoU as a dietetic example of a preventative public health initiative can impact the Five-Year Plan agenda [109] and all domains of the NHS Outcome framework [110] . To evidence this, future evaluation on FoU's sustainability needs to analyze the structure, process indicators of undernutrition care; collected annually during reaccreditation (Appendix 1). Such evaluation links to Donabedian's quality theory [111] , where outcome is dependent on structural and process indicators. While some [73, 101, [112] [113] [114] identified such evaluation improved nutritional care, others [71] found it failed to predict undernutrition. To evaluate resident outcomes and benchmark homes locally and nationally, it is recommended that BAPEN's nutritional care tool [115] is explored to determine if it can be incorporated into FoU's quality standard (Appendix 1), thereby requiring homes to complete annually during reaccreditation.
Conclusion
FoU is multifaceted, delivering multi-disciplinary whole home training, alongside tailored support, practical resources and annual reaccreditation against quality standards (Appendix 1) which are linked to Local Authority funding incentives; all of which have been identified to be key to undernutrition management (Table 1) [28, 73, 96, 101] . Although numerous studies have shown improvements in undernutrition following training [61, 85, 87, 89, 92, 97, 116 ], FoU's multifaceted approach to undernutrition is identified to be more effective than a single approach such as training or FB [61, 117] . This paper has demonstrated that FoU delivered by dietetic assistants is a significantly effective approach for dietetic services to improve the management of undernutrition in care homes. 
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